Abstract-There are many scenarios that have been proposed for fifth generation (5G) networks. Some of them, if implemented, will bring fundamental changes at the architectural and node level. One example of such proposed technologies is device-to-device (D2D) communications which will change the nature of conventional cellular network design. D2D permits direct communication between two or more user devices without intervention of the base station (i.e. eNB). D2D can ensure network performance improvement over the traditional cellular network, because it can offload the mobile data traffic from the other devices. However, applying D2D features in a cellular network will bring about more complex interference problems, since D2D communication uses the same band as its underlying cellular communication network. The aim of this research is to investigate interference-related problems caused by D2D communications, affecting the underlying cellular networks, during downlink and uplink transmissions. The paper examines the use of power control methods to mitigate interference. A comparison is offered between fixed power level (FC) with or without power control, and adaptive power controls using two methods (AC1 and AC2), on a base station or on each of the D2D devices, based on the measured signal to interference plus noise ratio (SINR). The simulation results show that both power control methods contribute to improvement of network performance. AC1 and AC2 can improve SINR by about 1 dB and 0.5 dB compared to FC in a downlink transmission, and by 0.5 dB in an uplink transmission.
Introduction
There are many concepts, design criteria and scenarios that have been proposed for fifth generation (5G) cellular networks. Some of them, if implemented, will bring about fundamental changes at the architectural and node level. One example of such proposed technologies is device-todevice (D2D) communications [1] . D2D is a new feature for future cellular systems. In conventional cellular networks, each device or user equipment (UE) communicates directly with the base station (BS) via downlink (DL) and uplink (UL) paths [2] . The infrastructure of cellular networks will be changed in the new system. D2D permits direct communication between two user devices, without using the BS. D2D can improve performance of a traditional cellular network, due to D2D offloading the mobile data traffic from other devices. Some researches has already been performed to investigate D2D communication in a cellular network [3] . Since no D2D standard has been proposed for 5G systems yet, the D2D model remains widely open [4] . However, D2D communications may results in cellular networks suffering from interference-related problems, as D2D communication shares the same frequency band as its underlying cellular network. Therefore, interference management aiming to reduce the adverse effects is crucial. Many studies have been performed to investigate D2D's underlying cellular networks, and to assess various aspects related to coverage [5] , [6] . One of the solutions adopted to manage interference-related problems is to separate the frequency allocation for D2D communications and macro cell communications, as presented in [7] , [8] . However, limitation of the frequency spectrum is a common and serious problem, because of numerous devices staying on within a macro cell cellular network [9] . One of the solutions is to use a different frequency for each device, but this scheme is less effective, because in areas in which D2D communication is not used frequently, frequency domain allocated to D2D communications will be wasted. In order to solve the frequency spectrum allocation problems, paper [10] proposes a shared/dedicated resource allocation method for D2D communications using underlying cellular networks. Therefore, some researchers have made proposed other solutions to manage the interference-related problems occurring within the same frequency spectrum for D2D communication, by implementing power control methods, e.g. [11] . This paper proposes a random network model for a D2D underlying cellular system using stochastic geometry, as well as developed centralized and distributed power control algorithms, but this method turned out to be very complex. Paper [12] investigated joint resource allocation and power control for D2D communications and the underlying cellular networks, and the result focused on optimizing energy efficiency (EE) of D2D communications. The other method implemented the adaptive power control method [13] . In that paper, the simulation focused solely on DL transmissions. Another paper [14] also investigated D2D communication within an underlying cellular system, but only focused on UL transmissions. The objective of this research is to manage interferencerelated problems in D2D communications and underlying cellular networks, affecting both types of transmissions, i.e. DL and UL. This research proposes the use of power control methods to mitigate interference in both directions. The methods compare two schemes, i.e. fixed power level (FC) and adaptive power controls (AC1 and AC2). The methods are implemented on BS or on D2D UE, based on the signal to interference plus noise ratio (SINR) measured in each device. The rest of the paper is organized as follows. Section 2 describes the system models. Section 3 verifies the model proposed by using simulation results. Finally, Section 4 summarizes the conclusions and described further work required.
System Model
This research simulates a single macro cell in a cellular networks system, implementing some user devices to establish D2D communication. The simulations investigate the implementation of power control methods in both types of transmission, i.e. downlink and uplink transmissions used within D2D communication's underlying macro cell coverage. The simulation assumes also that D2D communications uses the same frequency spectrum as is used in the macro cell. Therefore, interference between each devices and the base station should be the main problem encountered. In the first scenario, the simulation investigates the problem of interference caused DL signal sent from D2D UE (D2DT) to the macro cell's receiver MUE. A number of D2D communications will interfere with the MUE that is being served by the macro cell. The SINR distribution of MUE will be analyzed. This first scenario is shown in Fig. 1a . The second scenario analyzes the impact of interference on the receiver of the macro cell, caused by uplink interference of the devices, as presented in Fig. 1b . For the first scenario, let P T M be the transmit power of the macro cell. Then, P DL R MUE is the power received at the receiver side (at the MUE that desires to receive the of the signal) can be formulated as [13] :
where P T M is the transmit power of the macro cell and G T M is the channel gain from the macro cell to MUE. For simulating G T M , the Eq. (1) can be used as:
where PL M is the propagation loss between the macro cell and MUE, and h M is the channel's small scale fading factor from the macro cell to MUE. However, this research does not take into account the effect of small scale fading. Therefore, it characterizes only the propagation loss caused by the distance between the transmitter and the receiver.
In this system, P T M .G T M means the received signal power at the distance d. Since this paper does not consider the ef-fect of small scale fading, G T M could be denoted as a propagation model. This paper adopts the propagation model formulated in [9] and [15] . This formula describes the path-loss link between pieces of user equipment, which calculates the propagation loss from D2D UE/D2DT of D2DR and MUE to the macro cell or vice versa:
and this equation reflects D2D links and calculates the link propagation level between the transmitter of D2D UE (D2DT) and the receiver of D2D UE (D2DR):
where Pl D2D is the propagation loss from UE (D2D equipment or MUE) to the macro cell or vice versa), Pl D2D is propagation loss from D2D communication pairs between D2DT and D2DR, and d is the distance between the transmitter and the receiver in km.
In a DL transmission, the signal quality of MUE is measured by SINR:
where SINR MUE 1 is the SINR values on MUE with the signal received from the macro cell. P DL R MUE is the received power at MUE for the desired signal from the macro cell. rd(k) is the equality indicator used for downlink resources, 0 and 1 are for the different and same resource used, respectively [13] . G D2DT k ,MUE 1 is the channel gain between D2DT that interferes and MUE, and N is the power of system noise. P DL R MUE can be calculated using Eq. (1) and the interference from D2DR K that uses the same frequency resource as the cellular networks can be formulated using Eq. (1), by replacing eNB indices with those for the transmitter, and the MUE1 indices remain the same as those of the receiver serving as the terminal under observation. As mentioned earlier, this paper does not consider the small scale fading factor and the same assumption applies to the link between D2DT and MUE. In UL, SINR measured on eNB can be calculated as:
where SINR MUB 1 is the SINR values on eNB receiver with the signal received from the MUE transmitter. P UL R MUE is the received power at eNB. G D2DR k ,MUE 1 is the channel gain between D2D and N is the power of system noise.
Power Control
The power control method is implemented on both sides: D2D and the cellular network. This paper considers interference-related problems affecting cellular communication first. In the case of D2D communication, all equations presented in the following descriptions apply, with the indices replaced accordingly. In order to reduce interference, the transmit power of the desired transmitter, i.e. eNB in this case, may be adjusted. The transmit power of the eNB macro cell, P T M is established in the numerator of Eq. (5). The transmit power of the desired transmitter, at the frame transmission time, P T M (t i ) will be adjusted at the next time of frame transmission, producing a new transmit power value P T M (t i+1 ). This paper uses γ as a parameter of the TX power control method change occurring at the next frame transmission and based on the estimated value of current time of SINR(SINR est (t i )).SINR est (t i ) will be compared with the predetermined SINR tar value. Based on this argument, this paper introduces a k parameter, to indicate whether the value of γ will increase the transmit power or decrease the transmit power or whether the same transmit power will be kept for the next time of frame transmission. The general expression of P T M (t i+1 ) can be written as:
The value of k will be determined according to the SINR(t i ). In this case, there are three likely conditions of SINR est (t i ) [13] :
• first, if SINR est is smaller than SINR tar , then k will be a positive value,
• second, if SINR est is same as SINR tar , then k will be equal to 0,
• third, if SINR est is greater than SINR tar , then k will be a negative value.
The exact values of k and γ depend on the power control method that is going to be applied. This paper uses two power control methods: AC1 and AC2. The manner in which the values of k and γ impact the two power control methods is explained later on in this section. And then, another scenario has to be met by the power control method. The value of P T M (t i+1 ) in Eq. (7) must not exceed the value of maximum and must not be lower the minimum transmit power of eNB, i.e. P max and P min , respectively. Then, the final value of P T M (t i+1 ) at the next frame transmission using the output of the power control method will be determined based on the expression below.
To avoid the confusion, P T M (t i+1 ) that is formulated in Eq. (7) is re-denoted as P T M (t i+1 ):
Equation (8) will guarantee that the power output of the power control methods will be within the permitted transmit power limits of UE (MUE and D2DT) and eNB.
AC1 Power Control
The AC1 power scheme procedure is simple and can be implemented easily in practice. As in [13] , the paper has applied this power control method to a two-tier heterogeneous (femto-cell and macro cell) network. AC1 uses a fixed value for multiplication of k and γ. The value of γ is set to be a constant and is a simulation parameter. The value of k, in turn, depend on the values of SINR est (t i ), as explained earlier, and can be expressed as:
AC2 Power Control
This research uses the different values of multiplication between k and γ in order to increase or decrease the transmit power in the AC2 power control method:
The different values of k when SINR est (t i ) < SINR tar and SINR est (t i ) > SINR tar are intended to affect the controlled transmit power when it is increased or decreased. The γ is based on the average received interference power at the observed terminal (D2D UE). Calculation of the average interference power is based on the moving average method, as illustrated in Fig. 1a-b . The shift register is used to store the interference power detected at the observed terminal (MUE or eNB). Then, the average value of interference power is:Ī
Then, γ is calculated:
SINR values at the MUE for DL and eNB for UL transmission are analyzed through simulation.
Simulation Results
This paper presents some simulations investigating interference management by considering D2D communication in an underlying cellular network BS. A single macro cell is considered with the position of eNB base station at the center of the macro cell network, as discussed earlier. This simulation is set up to randomize the location of D2D devices 10 times in each simulation, throughout the macro cell network's coverage. Table 1 shows the values of simulation parameters. The maximum and minimum transmit power of eNB and D2D equipment are set to 46 dBm and 26 dBm, respectively. The macro cell radius of eNB is set up to 900 m, which is typical of a cellular network in an urban area. In a cell edge situation, UL transmit power will be a big problem if each device uses the same frequency band, since devices that are far away from its pair will maximize the power level to maintain the communication link. This simulation divides the coverage of the macro cell into two areas, cell center (0-600 m) and cell edge (600-900 m). The distance is measured from the base station eNB. For evaluating interference in DL and UL transmissions in this paper, both MUE and D2D devices pairs are randomly deployed at the edge of the cell (600-900 m). The system bandwidth is set to 10 MHz and the system noise is set to -174 dBm/Hz. The value of γ for AC1 is set to be 2 dB, and the SINR target is set to 0 dB, which corresponds to a SINR value typical for data traffic. Note that these experiments used software simulation and were repeated for 10 times. The average simulation results are shown in the graph. The first scenario investigates the power control scheme to manage SINR in a DL transmission. In this case, eNB in the center of a macro cell sends the signal to the MUE device, while D2D equipment (as D2DT) also transmits the signal to another piece of D2D equipment (D2DR). So, the transmission signal from D2DT will interfere with MUE. This scenario uses QoS parameters, such as level of SINR in the receiver part, measured on MUE devices in DL [16] . The second scenario involved an UL transmission, where MUE transmitted an UL signal to eNB, while D2DR equipment also transmitted a signal to D2DT equipment. So, the D2DR transmission signal interfered with the MUE signal uplink to eNB. This scheme utilized the same QoS parameters as used on the base station eNB in the first scheme. Figure 2 shows the simulation scenario using a cellular network system with an eNB as a macro cell, MUE equipment and the number of D2D pairs increased to 100 devices. In a DL transmission, as shown in Fig. 3 , the increased number of pieces of D2D equipment could decrease the SYS-TEM's performance. With UE only, SINR values achieved approximately 30 dB for every power transmit method, without AC1 or AC2. If the number of D2D pairs was increased to 50, SINR dropped to about 25.5 dB, 25 dB, and 24 for AC1, AC2, and without power control (PC) or fixed power level (FC), respectively. Figure 4 shows the result of UL transmission simulation. In this result, the increased number of pieces of D2D equipment also could decrease the system's performance. It can be noticed in Fig. 4 that when there is no interference at MUE, SINR achieves up to 18 dB for systems without PC, with AC1 and AC2 methods, respectively. When the number of D2D pairs equals 50 devices, SINR drops to about 2 dB and less than 0 when 100 D2D pairs are used without PC. With AC1 and AC2 implemented, SINR 
Conclusion
This paper investigates different power control methods used to mitigate interference between two or more user devices, with the number of D2D pairs equaling up to 100. The decision whether to increase or decrease the power level on BS or on the transmitter of the D2D pair is based on the estimated current SINR. The power control methods may be divided based on two aspects. The first of them is based on the fixed power level or uses no power control to manage the power level of the transmitter. The second uses adaptive power controls with two schemes (AC1 and AC2). Based on the measured SINR, the simulation results show that both power control methods contribute to managing SINR and network performance. AC1 and AC2 can improve SINR by up to 1 dB in each method compared to FC in both DL and UL transmissions.
